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Du ring the last 20ye a rs r eln Otely s e n se)d s atel ite data ha v ebe enwidely used fo r v egetatl O n
studie s･ In thispe riod, spati ala ndspe ctralre s olutio n sofs atellite s e n sorsha v ebe e nimpro v lng,
al1owing wi de r applicatio n sin re s o u rc e studie s･ Ho w eve r･ a s
.
with m any other c o v erty pe s･
in cr e a s ed re s olution haspr odu c ed a n added diversityin v egetatlOn inte rpretatio n･ O bje cts苧u Ch
as v egetatio n standsbe c o m efuz zy athighe r r es olutions,indicatingthatcon v e ntionalpe r
-plX el-
ba s ed dis crete m odels m ay pr odu c ediffic ultie sin inte rpr etatio n･ Athigh r e s olutio nle v els,
obje cts beco甲e a S et Ofinte ra ctio n sbetw e e n v ario u s c o v e rtype s which a re m e a s u 托d
accord ing
to their r elativ epropo rtio n s within the pix el･ T9ispr oble mhighlights theisst!e ofidentifying a
s uitablefo r m ofre m otely-s e n sed data a nalysis ln Studies s uch asthe m o nito rlng Ofv egetatio n･
Tr aditio n ally, the degr e e of re s olutio nin su ch w o rk hasbe e ndetermin edby the r e s olutio n
a vailable within the r e m ote s e n slng m ethodology･ T his pape rdis c u s s esthe n e edtoinv ert this
r elatio nship, uslrlgthe required o ride ntified m o nito rl ngre S Oltltio nto a ss es sthe appropriate n e ss
ofthe a n alysis ofre rn otely- sen seddata･ Thepape rdis c u ss e s a m ethodologicalde cisio n
-r n aking
m odelfo r a ss e s sl ngthe ap pr opriate n e ss ofr e s olutio nle v els within r e m otely
- s e n s ed datafo rthe
applic atio nin v egetation m o nito n ng studies･ Se v e r alo utc o mes a repo ssiblefr o mth isde cisio n
-
m aking appr o a ch, o ne of w hich is that a technicalre spon s eto adju stlng re S Ohltio nle v els of
re m otely- s
.
e n s ed dataim age s m aybe r equir ed･ A c ase studyfro m n orthe a stNe wSo uth W ales･
A u stral ia lS u s edtoillu strate s u ch a pote nti al in cr e a s einim ageinterpretatio n r e s ohltio n･ in
w hich the fu 2･Zy m e mbe r ship appr o a ch is adopted to e x amin eintr a
-pl X el cha r a c･
teristic s
proi,o
.
rtio n atelyresultingfro m vario u sc o v e rtype sin apix el･ This aPPrO aCh al 1o w sthe u s e rto
e x aLm l n e andc ompa rethe m e as u red inte ra ctions a c c o rdingto their r elativ epr opo rtiollS, r ather
th an a sdis cr et pix elsfo r e n vir o ru n e ntal n o nitoring pu rpo s es･
I N T R O D tJ C TI O N
Fo r ma ny ye a rs visiblelight a erialphotogr aphs ha v ebe e n u s ed by e c ologists to study and m ap
pla nt c o m m u nitie s a ndto 皿 O nito rthe gro wth a nd distributio n･ Late rde v elopm e nt ofinfr ar ed
fi lm helpedide ntifyspe ctralcha nge sthat o c curbe c a u se ofthei Charlging c o nditio n Ofvegetation
(Hoffe r a ndJoha n nsen, 1969). Sin c e e arly1970s, digitalsatellite dataha v ebeeln a vailablein
m ultispe ctral bands allo wing to re c o rd efle cted a nd emitted e n e rgyln Visible a nd infra r ed
w a v el ngths･ The s ede v elopm e nts helpedto studytheplantchar a cteristic s andc o ndit o n sthat
v arydlletO m anyfa cto rsI
T he ability ofa s atellite syste mto obtain e arth re s o u rc einfo r m atio n o na regularbasishas m ade
a signific antimpa ct on m o nito rlngStudiesこ D e v elopm e nt ofs atellite re m ote s e n singte clmology
during thela st tw ode c ade s, spe cific ally i mpr o v e m e nts in spatial and spe ctralr
es olution ha v e
c o ntri buted to thein c re asing use ofs atellite data in v egetatio n Trl O nito rlng Stndie sI Spatial
r es olutio n, ge n er allydefin ed a s･the siz e Ofthe ar e a o nthegro u nd fro m whichthe m e a su re m e nts
that c o mpris ethe im ag
.
e a r ederiv ed(To wnshe nd･ 1980), has･be e n c o n side red to be the
fund am e ntalchar a cte ristlC Ofr e m otely sens edim age sI Fo r anytype ofla nd c o ver andland u s e
analysis, thein v estlgatO rha straditionally s ele cted a nappr opriate re s ol血 o nle v elfo r a st
udy
based on the im age r e s olutio nle v el. Ho w e v e r, w he r占asthein cr e a slngyhighe rle v els of im age
r e s olutio nha v eal1o w edgreaterdetailofthe s c e ne stru ctu r eto beide ntified th an fo rlo w e r
r es olutions, added div e rsity ofthe s c e n e stru ctu re c a u s ed bythe highre s olutio nhascre ated
confusioninide ntifying' for e x a mple, fo restc o v ertypesfor moDit orl ng pu rPOSe S･ A simple
1cu rr e ntly Au stral ian A c ade my of Scienc eRe s e a r chFello w , Geographical Su rv eyIn stitute,
Japa n.
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s c e n e wh ich chara cteris e s s o m e ele m e nts withino n egr oup a ndits ba ckgr o u nd ato n e re s olutio n
m ay ha v e ele m e nts belo Ilgl ng t O 皿 O retha n o n egroup ele m e nts at a且 othe r r e s ohltio n
(W o odcock andStrahle上, 1987:312). Fu rthe r, W o odc o ck a nd Strahle r(1987)indic ate that the
choic e of a n appropriate re s ohtio nle v el fo r apa rtic ular applic atio ndepends o nthe kind of
info rm atio nde sir ed andthe type ofe n vir o n m e ntu se}d. Sele ctlZLg an appr opriate resollltio nfo r
v egetatio n m onito rlng m ay beco m e difficdt sin c ethe analyst sho 1 de valu ate both the
e xpe ctatio n s of the e c ologlSt a nd the r e m ote s e n si ng te Chnical c o n straints･ Ec ologl Cal
c o nditio n s of fo r e st ofte n change rapidly･ W hile digitalre m ote s e n s ing Offers an e x c elle nt
oppo rtu nityto c olle ctinfo r m atio n o v erlarge a re a sin sho rt tim epe,riods･ m a s siv edata v oh n e
a ndthe c o sthave be e nimpo rtantis stle Sin v egetatio n sttldie s(Hoffer a nd Joha n nsen, 1969)･
Her e w e a rgu ethatim age･ an alysis re s olutio nha sbee na hidde nis su einfhe n cingthe applic atio n
ofre m ote s e n s mgto v egetatio n m o nito rlng.
T hispape rdis c u sse stw o r elatedthe m es･ T hefirstis theis su e ofr e s olutio nlev els ofre m otely
-
s e n s ed data and the a s s e s s m e ntof appropriatele v elto truly s e rv ethe n e eds of the m o nito rl ng
pr ogr a m m e. This as s e s s m e ntpro videsthr e e o utc o m e s,that m omito rlng res olutio n n e eds to be
revis ed, that the re m ote s e n sing a nalysis n e eds to befu rthe rde v eloped, and that the re m ote
s e n slng analysis m atchedthe m o nito rl ng ne eds. This pape rthe ndis c u s se s o n e e x ample ofa
r e m ot¢ s e n sl ng an alyticalre spo n s eto beitter 皿 atChim age a nd m o nito n ng re s oltltio n s･
AS S E S SM【ENT O F AP P RO PRI A T E I M【A G E R E S O1.I)TION FOR
V E G ETA TI O N M O N IT OR N G
M o ststa ndardte xts ofbothre m ote s e n slng a nd field su rv e･yte chniqu e sdealwiththeiss u edf
im age . res olutio nin abs olute te rm s - - the pix elsiz e, the w a v eba nd width, etc I H a ris o n and
Jupp(198 9)a nd Ritchie et al. (1988),fo r e x a mple, dis c u s sipage re solutio nin te r. m s ofthe
follo wing m e a s u rable char a cteristic s こ(i)spatial, the pix el sI Z e O rthe
"
physical sIZe Ofthe
s mal le stfe atu r e o r clo s e st sepa r atio n oftw ofe atu re sdistinguished bytheim agl ng SySte m
”
(R itchie et al., 1988: 1 ll)
'
,(ii)spe ctral, the nu mber and width of w a v eba nds;(ii)radio metric,
the n u mbe r of le v els of b rightn e ssdete ctable; a nd(iv)te mpo ral, the tim ebetw e e n o verpa ss e s･
Where a sthis 丘pPrO aCh is u s efu lin definingqu む1tifiable chara cteristic s of, a nd thtlSlim itatio n s
to,the re m ote s e n si ng Syste m, the n atu ralc o n clu sio nto s u ch an ap pr o a ch is the syste m-li mitng
definitio n ofgr o tl ndle v elre s olutio n. T his r e s ultsin, fo r e x a mple, state m e nts of minim u m
obje cts siz edetectableby the s en slngSyste m, O rthe calc ulation ofvalu es su ch a sthe
"
gr o und
r e s olutio ndista n c e” disc u s s ed byLille s and and Kiefe r(1987:1 0)forphotogr aphic se n sipg･
M o r eimportantly,li mits and dete rmin atio n ofr e solutio ninland cla s sific atio n a ndr n appl ng
syste m sbe c o m e 蜘 迫 the r e m ote seIISlng resolutio n r athe rtha n r efle cting the
intrin sic cha r a cteristics ofthe databeing clas sified o r n apped(e.g, Lo u n sbu ry and Aldrich,
198 6:199;Av e ry a ndBerlin.199 2: 16).
Fro mthepoi nt Ofvie w ofe n vir
.
o n m e ntalm o nito rl ng, S u ch a m ethodologicalap pr o a ch appe ars
c o ntr a ry tologic･ T he rn o nito rlngPr ogr a mm eSho ulddefin e the spatialresohltio nrequiredto
m e et the,fo rexpample, e c ologic aln e eds ofthatprogr arn n e, andthe n a s se s sthe appr opriate n e s s
ofthe data c olle ctio n methodolog yagain stits o w n s cie ntific criteria. Fo rthis r e a s o n, a m odel
ofim age re s olutio n o utlinedby Str ahler etall (198 6)pr o vide s a rel v a nt starting po享ntfr o m
whichto de v elop a n a s s es s m e nt m ethodolog ywith whichto r e s olv ethe re s olutio n requ ir e m e nts
ofthe m o nito rl ngPrOgr aln 皿 e ag l n St the re s ollltio nlimitatio n s ofthe r e m otely- s e n s ed data.
T he key ele m ents in Str ahler et al/s r n odel ar ethe
”
s c e n e
”
,
the
”
spatiala nd te mpo ral
dis tribtltion of m atter and e n e rgy fltl X e Sfro m
‾
whichthe s e n s o rd a w s m e a s u re m e nts= , thatis
the e a rth s u rfa c e s e n s ed
,
andthe
"im age
' '
, the
"
c olle ctio n of m e a s u r e n e nts fr o m a s e n s o rthat
㌍e arayedin a syste m aticfashio n
‥
(1986:122), thatis the r e m ote s e n singdigital databa s e o r
I m age . The a v e rage are a within the s cen e a ssociated with e a chzn e a s u re m e ntd fin e stheim age
r e s olutio n･ T he s c e n e re s oluti nis r eprese ntedbythe size ofs c e n e ele m e nts a nd r eflects the
a m o lユnt Ofdetaila v ailable o rュthe grou nd. T he impo rta nt a spe ct of s u ch a n e xpr e s sio n of
r e mo tely- se n s eddatais thattheim age r esohltio nis the ndefin ed bythe relationshipbetw e en
sc e n e a ndim age re s olution, thatis,itis e xpre s s ed a s a 地 r athe rthan a n abs olute valu e.
Whe rethe s c e n e elern e nts ar elargerthan the r e s olutio n c ells, theim ageisde s cri bed asbeing an
" Ⅱ -res olutio n m odel” , andc o n v er sely whe rethe s c e n e ele m e nts a re s m ale rtha nthe r e s olutio n
c e}11s, a n
” L r esolutio n m odel” ispr esent.
Str ahler etal. 's m odelc an r e adilybe e xte nded血dadaptedto the applic atio n ofre m otely-s e n sed
datain e n vir o n m e ntal m o nitoring(Fign re1). In this c as e,the s cen eres olution(s c e n e ele m e nt
size)is equ ated withso m e m e a s u r e of m o中to ring re s olutio n a sdefin ed by,fo r e x a mple, the
pr oje ct e c ologist, a ndtheim age r e s olutio n lS e xte ndedto bedefin ed by n oりuStthepix elsiz e,
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Figtl rや 1: A daption of Strahle r et at.
'
s (19 86) m odel of r e m otely･ sen s ed im age
re s oltltio n to a s s e ss the res oltltio n limitatio n s of r e m otely- s e n s ed data again st
the r e s o111tio n r equir e m e nts of a m o nitoriJlg Pr Ogran l m e.
toin clude v ariable s stlCh as spe ctr aldlV erSity･ T he appropriate n e ss ofthe re m otely- s e n s ed data
to the spe cific n e eds of the m o nitoring pr ogr a m m e c an n o wbeチSS e S S ed in te r m s of ぬ也
syste ms(Figu re2). Defining the a vailable r e m otely-s e n s eddata o r I m age aS eithe r a nL- o r a n
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and the r e m ote s e n s ing spe cialis t. For a n H-r e s olutio n 皿 Odel o utc om e, the r e m ote s e n sl ng
syste mis de e m ed adequ ate fo rthe m o nitoring pr ogra m lne, a nd willyield data ofgre ate r
r esolutio ntha nis requir ed bythe m o nito rlng prO訂 a Ⅱ 皿 e
･
,
n O r e SPO TISe Otherthanto c o ntin u ethe
a nalysis is r equired･ Ho w e v er, fo ran L-r esolution m odel o utc o甲e, the s e n sing re s ohtio nis
ide ntified a sbeingin adequ ate to m e et the n e eds
'
ofthe m omito n ngpro
.
gr apl Ⅱ1e･ Eitherthe
a c c eptablelevels of m o nltO ringr e s olutio n n e edtobe adju sted(thatis a ct1 0 n lS required by the
ec ologistin redefi ming the reqdr ed le v el of m o nitoring r e s olutio n) o■r the r e m ot? s e n sing
a nalysis requ 汀e StO be furthe rde v elopedtoyieldgr e ate rle v els ofinte rpretativ e re s olutlOn ･ This
latte r a ctio nbythe re m ote sen sl ngSPe Ci al ist sdisc u ss edin the seco ndpart ofthis pape r･
A T E CII N O LOG ICA L R ESPO N S E T O R E S O LtJTI ON I N C O M P A TI BI LI T Y:
S P A TI A L S T R tJ C T U R E O F T E EIM A G ESC E N E A N D T E E Ft] Z Z Y
M E M[芯E RSIIIP F U N C TIO N
T he appro a ch u sed in thispape risba s ed o nthe e valu atl O n Ofthe c o mple x lty Oftheim age s c e n e
享n a multispe ctrale n vir o n m.e nt･ A n e w methodofe valu atingthe c o mple xity ofa nim age s c e n e
lSPr e s e nted. In a c o n v e ntl O nal im age cla s sificatio n syste m, m ultispe ctraldata a r e u s ed to
allo c ate apIX elto a class w hetherthe c o v e rtype pres entin apix elishighlydomin a nt o rle s
do min antdepe nding o nthe c o v e rtype spre s e nt(Fisher a ndPathir a n a, 198 9,Pathir an a, 1990,
Go ng a nd Ho w a rth, 1990). Therefo r e, co n v e ntional m ultispe ctral cla ssifie r sdo n ot sho w
a ctu al spatialele m e nts fo u nd within the spatialstru ctu r e of?n im age s c e n e. T he fu z zy
m e mbe rship appr o a ch u s edin this studyal1ow sto e valu ate whethe r a ny do min a ntgro ups e xist
in a nim age ･ Befo r eide nti&ing c o v ertype s s uitablefo r m o nitoring studie s, s a mple data
obtain edin diffe re nt r e s olutio n sfo rthe study are a c anbe e v alu ated u singfu z zy m e mbe rship
appro a chto e x a 皿 n ethedomin a ntcla s s es and c anbe u s ed asthe criteriain s ele ctlng aPprOPn ate
s cale fo r v egetatio n m o nito rlng purpo s e s. A fuzzy m e mbe rship fun ctio nfo r e a chpix el is
pr odu c ed fo rthepix elsin thr e edata s ub-s ets(La nds atMSS, T M,S P O TMS S)fo r a study a re a
s ele cted fro mthe n o rthe astN e w South W ales, clos edto Ballin a u rba n c e ntr e肝igu re3).
Spatialstru ctu reis artindic atio n ofthe relatio n shipbetw e erle n viron m enta ndspatialr esolutio n
(W o odc o ck and Str ahle r, 1987)A T herefo reitisimpo rta nt to u nde rsta ndthe spatialstru ctu r eto
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Figtlr e2: As s e ss m e nt pr o c es s of the r e s ohltio n le v els of r e m otely s e n s ed data
again st the r eqtlir ed r e s olntio n le v els of a m o nitoring pr ogra m m e･
e x amirlethe m a n n e rin whichim ages ch ange a s a r e sult ofre s olutio n. Spatialstr u cture of an
im ageis sim pleifthelo calv aria n c eislo win a m ultispe ctralenvir o n m ent･ In this sitD ation,
1o calv a ria n c eislo w a nd the pix els belo ng to m o re o rle s s o n egr o up o rtw oin cluding the
ba ckgr o und･..Ifthelo calv aria n c eis high, spatialstru ctu r e ofa nim age c o n sists with m o reth an
o n ep gro up･ A gro up IS a C Olle cti() n ofpix els wher epix els ha v e close r a ss o ciation withothe r
pIXels･ The rehav ebe e n a n u mbe r ofappr o ache s used instudyingspatialstructu reof anim age･
Labo vit2: eE al･ (1982)fo und auto c o rrelation to be highe rin 中age s with highre s olutio n,
w he re a sSim o n etta nd Coin e r(1971), usingdiffer e nt gri dc ellsI Z e StO e X a中n ethe effe ct of
spad alre s olutio n on im a
.
ge structu re,fo u ndthat the n u mbe r ofpix els c o ntain lng m o r etha n
.
o n e
c o v e rtype w a s afu n ctl O n Of boththe c o mple x lty Ofthe s c e n e a nd the spatial re s olutlOn .
W o odc o ck andStr ahler(1987)used thelo c al v aria n c e m e a su red a sthe m e an valu e ofthe
sta nda rd deviatio n ofa m o v lng3 x3 windo w,
As a n alte m ativ e･ fu2:21y m e mbe rship appro a ch is adopted in thispape rto e x amin ethe effe ct of
spatialresolutlO n On the spatialstruct11re･ The fuz zy m e mbe rship appr o a ch ha sbe e npreviou sly
appliedto sttldythe m e a s u re m e nts ofpix elc o mpo sitio n(Robin son a ndT ho ngs, 1985), mix ed
pix els ofla nd c o v erland u s e clas s e s(アisher and Pathir a n a, 1990;Pathir arLa, 1990), Soils u r v ey
a nd laIld e valu atio n studie s(Bu ro tlgh, 1989), s egm e ntatio n of La nds atim age sto identify
ho m oge n eity ofc o v eirtype s(T riv edi and Be zdek, 1986)a nd fo rthe dete ctio noflin e ar arids ub-
pix･elphe n o m e n a(Pathir a n a, 1992)I h this s tudy, the fuz zy m e mbe rshipfun ctio nfo r e a chpix el
w a sdeveloped u singFu z zy c - Me a n s cla ssifier(F C M)ofBe zdek etal. (1984). Fo r e a ch cla ss
ide ntifiedbythe use r, theFC Mprodu c es a m e mbership v alu e(u)su ch■that:
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u
,jA,
> 0 and ∑u,jz = 1･
L 苫1
A m e mber shipfu n ctio n ofa pIX elthatha s m e mber ships to alliderLtified cln ste r sAt v aryl ng
degr e e oflikeliho ods･ A m e mbership v alu e ap pro a ching1 indic ate stha‖hepix elis v e rylikely
tobelo ngto thatclu ste r･ w hile0 indic ate sthat the pix elis unlikelybelorlgtO that c?v c rtype o r a
mix edpix el. Ifa pa rticular cluster sho w sthe do
■
min a n c e of high m e mbe rship v alu e s(e･g･ ”,]k)
> .5),itindic ate s apl
-
e s e n C e Ofa distin ctclu sterwithin the s c e n e,
Ballina
c7
'
LtJdy A r e
A
N
l･
虫⊃t{ 1:1 仰
Figll r e3: Study ar e 且lo c atio ll.
M E TⅡODS
Thre esubsets fr om L ands at MS S, T he m atic Mappe r, andS POT MSS im ages W e re e xtra cted
fo rthe study ar e alo catedin thernor[he astNew So uth W ales ne ar Bal lin a. T hedo min a nt c o v e r
type sin the study a r e a a refo r est, agric ultu ∫al 1a nd andgra s sla nd(Figu re4). Fo rthis sttldy,
fo rest a re a s w e r e sp ctrally separated fro mthe othe r c o ver types . T he F C Mw a s ru nfo r3
clu ste rsto find o ut whether any do min a nt clu ster s e xist within thefo r est ar e a u sing ailthr e e
im age sets.
R ESU IノT S
Figu r e5 sho w sthe coeffic e nt of v a riatio n(CV) of theim age data s ets obtain ed fo rthr e e
re s olutio n s. T he coefficie nt ofv ariatio n wascalculated fo r e a ch band. A m o ngthe thr e eim age
s ets
,
the highe st C V w e r efo lユndin T Mba nd7 data(0.28),indic ating highva ria n c e ofthe
spatialstr u ctu r e ofim age s(Table 1).
Ov e rall, all M SS bands sho w highv arian c e whilein T M and SP O T im age s c e n e s,the v arian c e
ishigh fo rinfra redba nds･ A lo w C V indic atesthat the spatialstru ctu re･is simple a ndthepix els
a re m o r e o rle s s r elatedto the do min antgroup. Ho w e v e r, a m ajo rlimitatio n of CV m ethod o r
loc al v a ria n c e m ethod(W o odc o ck and S[rahler, 1987)is that the v aria nce valu eis n ot a
repre s e ntatio n ofthe c o mbin ed effec( of m uldspe ctral bands.
Table 2 a nd Figu r es6, 7 and 8sho wthedistri butio n of fuヱZy m e mbership v alu e sfo ral1thr e e
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迦 幽 £+乙
0.5 0-0 .60 (フ.J2
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S P O T M S S
星 組 J∈ 且
0.50- 0.59 0.03
0.61- 0.68 0.0 7
0.79- 0.89 0. 18
Table 1. D ist ribtltio n of c oefficie nt of v a riatio n (C V) vahle Sin thre eim age data
sets
im age data sets ･ Ac c o rdingto Figu r e6, the r eis o nly o n edo min a ntclu sterprese ntin La nds at
M S S im age(figu re6c). Abo ut56 %ofal 1pix elsin the v egetatio n a re ah s agre ate rtha nO･5
m e mbe rship valu eindic ating ado min a nt chlSte r While the othe rtw o clu ster sha v e o nlyO10%
(Figtlr e6a) and 4 2.7%(Figu re6b)pix els, r e spe ctiv ely, wi thm o rethan 0･5 m e mbership v alu e･
Si mi lary, T he matic M appe rim age s c e n ehas2 clu ste rs, o n ewiththehighe stpe r c e ntage Of
pix els, 5 8.6% (Figu r e7 b), a ndthe othe r with 4 1%(Figu re7a), gre ate rthanO15 m e mbe rship
valu e. On the othe rha nd, S P O T im age sho ws aprese n c e oftw odomin a ntclu ste rsha vingwith
50% (Figu re8b) a nd 4 9,8 %(Figu r e8c)pix els with m o re tha nO･5 m e m bership v allユe S･ As
m e ntio n ed abo v e, bi- n o rmaldistributio n ofclu ste rswith･alarge nu mbe r ofpix els appr o a ching
1 indic ate do min a nt clu ste rs in a nim age s c e n e. T his willrefle ct the n atu re ofspatialstructu re
u nde rin v e stigatio n a nd m ay als oprovi de an alte m ativ e m ethodin s ele cting appr opriate
re s olutio nle vels for v egetatio n m o nito n ngpu rpo s e s･
fuz zy lands at lands at la nds at T M
rr M
v alu es clu s1 clu s2 clu s3 clus 1 clu s2
0 94.4 30.6 20 21.5 9.3
1 2. 9 14.2 9.4 18.8 15.9
2 1.5 4.5 5.9 8.3 7.5
3 0.9 4. 2 4. 1 5.6 4.3
4 0,2 3.7 4. 6 4.8 4.5
5 0 4.2 4.6 ■ 4.3 4.8
6 0 4.1 6.1 4.4 5.7
7 0 6.5 7.5 8.1 9.5
8 0 9.1 12.5 1 5.3 18.3
9 0 18.8 2 5.3 9 20.3
T M S P O T SPOT SPO T
lu s3 clus 1 clu s2 clu s3
100 99.1 26.8 2 7,8
0 0.4 10.4 9.9
0 0.3 6.5 6
0 0.1 3.1 ■3.4
0 0.1 3.2 3.2
0 0 3.5 3.1
0 0 4 3.4
0 0 ' 6.3 6.7
0 0 9.7 10.6
0 0 26.5 26
Table 2. Distribtltio n of fu 2:2;y Ⅲ1eJnbe r ship v altleS
T he ge n e ralchar a cte ristic ofthe data s etsis thatthe re a retw o clu ste rs e xistin allthre e s c e n e s･
T he. S P O Ts c e n e cle arlyde m onstr ate s apre s e n c e oftw o clu ste rs while theT Ms c e n e sho w sthe
lo w e st n u mbe r ofpix els(41 %)a nd the highest n umbe r ofpix els(58 %)abov eO･5 m embership
valu eindic ating o nly o n edo min ant clu ste r･ It appe a rs, the refo re, that the T M im age isbe st
suitable for m o nito rl ng the v egetatio n cha ngein this study ar e a asthediv e r sity of the im age
sc e neislo w in thisr esolutio n.
C O N C LtISI O N
In thispape r,theiss u e ofthe u s e ofresolutio nle v els ofre m otely
- s eps eddatain dete min lngthe
a c c eptable res olutio n of m o nito rl ng Studie sisin v e rtedby pr ovi ding a m ethodologyfor
a ss e ssingthe ap propriatene ss ofre m otely- s e n s ed data re s olutio n. T hr e epo s sible o utco mes are
a vai lable:(i)im age r es ohltio nis adequ atefo r m o nito rin芦;(ii) m o nito ring re solution requir e苧tO
be re as sess ed;a nd(iii)theinterpretativ e res olutio n requ lre StO beimpr o v ed, Thelatte r requ ire s
a re m ote s e n sing te chn ologl Calr espo n se to impr o v ethe r e solutionle v el･ An e x a mple ofs u ch
an appr o a ch isillu str ated,in which thefu z zy m e mbership appro a ch is u s edto e x amin e whethe r
anydistin ct clu ste rs e xistin a v egetatio n sc e n e I)si ng m ultトr e solutio n, m ulti
ー Spe Ctral data s ets ･
M e mbe rship valu e s
.
pr odtl C edby the F也z zy c - M e an sClassifie ride ntifie s s e v e raldomin a nt
clu ster sin allthr e e I m age S ets -ユS edin this c as e study･ A m o ng the clu ste rsprodu c ed fo rthis
im age s ets, T he m atic M appe rim age s c e n e s sho w sthe highestn ロ 皿ber ofpix elsin the domin a nt
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